We have identi®ed a novel cDNA product designated transitional epithelial response gene (TERE1), which was localized to chromosome 1p36. The TERE1 transcript (1.5 and 3.5 kb) is present in most normal human tissues including urothelium, but was reduced or absent in the majority of muscle invasive TCC tumors (22 out of 29 cases). The open reading frame encodes a protein of 338 amino acids (MW 36.8 KD). This protein is 57% homologous to a Drosophila protein called heix. We have shown by Western blotting and immuno-histochemistry with a polyclonal antibody to a speci®c TERE1 peptide, reduced or absent staining in muscle invasive tumors. Transfection of a sense TERE1 construct resulted in an 80 ± 90% inhibition of cellular proliferation in two TCC cell lines and a lack of aneuploidy in the TERE1-transduced J82 cell line. These data suggest a potential role for this gene product in the progression of bladder cancer. Oncogene (2001) 20, 1042 ± 1051.
Introduction
Transitional cell carcinoma of the bladder (TCC) is the ®fth most common cancer in the United States and accounts for 54 200 new cases and 12 100 cancer related deaths per year (Landis et al., 2000) . Prominent genetic alterations identi®ed in bladder cancer include deletions/mutations in p16 INKa , p53, Rb genes, and putative loci on chromosome 9q, however other bladder cancer-related genes are suspected and remain to be identi®ed (Spruck et al., 1994; Rezniko et al., 1996; Knowles et al., 1994; Rosin et al., 1995; Orlow et al., 1995; Williamson et al., 1994; Cairns et al., 1991 Cairns et al., , 1998 Habuchi et al., 1998; Chang et al., 1995; Shaw and Knowles, 1995; Wagner et al., 1997; Cairns et al., 1998) .
TCC of the bladder can clinically present at several pathologic stages (super®cial disease, carcinoma in situ, muscle invasive) and with dierent morphologies (papillary low-grade, sessile, or nodular) (American Joint Committee On Cancer, 1997). The progression from normal urothelium to muscle invasive disease is often non-serial. The majority of muscle invasive lesions present as such initially, with only about 10 ± 20% of super®cial lesions progressing to muscle invasive tumors (Spruck et al., 1994; deVere White and Stapp, 1998; Simon et al., 1998) . The genetic aspects of this progression have not been completely de®ned.
The identi®cation of genes, which regulate the transitional epithelial cell phenotype, may provide fundamental understanding of TCC as well as providing new diagnostic tumor markers or potential new therapeutic targets (Malkowicz, 1997) . The goal of this investigation was to identify and characterize unique genes suggested by their dierential expression in normal and transformed transitional cell epithelium. Using PCR, we screened for cDNAs with homology to urothelial dierentiation markers. A cDNA fragment from normal human bladder mucosa was identi®ed that was greater than 95% homologous to an expressed sequence tag (EST) isolated from the Jurkat T cell line, but not related to any known full-length gene. This novel gene denoted TERE1 is expressed in multiple normal human tissues and in super®cial TCC, but is usually diminished or absent at the mRNA or protein level in muscle invasive TCC. Additionally, TERE1 expression, which is reconstituted through plasmid transfection in TCC cell lines profoundly abrogated cell growth suggesting a role for TERE1 in the progression of bladder cancer.
Results
Using RT ± PCR, we identi®ed a cDNA fragment which was dierentially expressed in normal bladder epithelium and muscle invasive TCC. This fragment was greater than 95% homologous to an expressed sequence tag (EST) isolated from the Jurkat T cell line (from bp 395 ± 726, Accession Number: AA306118, EST177099). Using a second set of primers (see Materials and methods), a spleen cDNA library which contained approximately 500 000 cDNA clones was screened and four positive wells identi®ed. We then screened a sub-plate of this library that contained approximately 50 clones per well and found one positive clone, which was then sequenced from both the forward and reverse directions using six dierent primers (Figure 1 ). This clone was found to be 97% homologous to an EST (an23g06.sl) isolated from Wilms' tumor cDNA (Accession number: AI002972), 99% homologous to an EST (ow24f08.xl) isolated from Soares parathyroid tumor NbHPA cDNA (Accession number: AI03140) and 100% homologous to an EST (ou15g01.xl) isolated from Soares NFL T GBC S1 cDNA (Accession number: AI018180). Although, this gene appears to be ubiquitously expressed, it is denoted transitional epithelial response gene 1 (TERE1) due to the initial identi®cation in the bladder (GenBank Accession Number for the TERE1 gene is AF117064).
An open reading frame was identi®ed encoding a protein of 36.8 KD and 338 amino acids (Figure 1 ). The putative protein appears not to be homologous to any known protein. A hydrophobicity plot (KyleDoolittle) of the 36.8 KD protein indicates there are ®ve regions, which interact with a membrane suggesting that the TERE1 protein is associated with either the nuclear envelope or plasma membrane. Additionally, there is a putative ASN glycosylation site at amino acid 232. There are three putative CK2 phosphorylation sites at amino acids 103, 120 and 239 and four putative protein kinase C phosphorylation sites at amino acids 18, 41, 239 and 312.
TERE1 was aligned with a high throughput ®nished genomic sequence (htgs) (clone dJ796F18, Accession number: HS796F18) by BLAST (100% homology, 1 ± 839 to 6836 ± 7675 bp on clone 796F18 and base pairs (bp) 860 ± 1501 to 19256 ± 19897 on clone 796F18). These data indicate that TERE1 consists of two exons separated by a 11 kb intron. TERE1-2F is located in the putative exon 1 and the 2R primer is located in exon 2. A blast search revealed a 90% sequence homology with two mouse ESTs (Clone p3NMF19, Accession number: AA087043; Clone NbME13.5, Accession number: AA000881) and 55% homology with the Drosophila protein heix (Accession number: AAF53515).
The htgs sequence maps to chromosome 1p36.11 ± 1p36.33 by FISH analysis. To con®rm this localization, we obtained a human P1 genomic clone by hybridization screening with 1.5 kb TERE1. The human P1 clone was used for¯uorescent in situ hybridization on normal human metaphase chromosomes, which was performed by Genome Systems Inc. (St. Louis, MO, USA). These analyses con®rmed the chromosome location to be chromosome 1p36.3.
TERE1 mRNA was ubiquitously detected in normal human heart, brain, placenta, lung, liver, skeletal muscle, kidney and pancreas as well as spleen, thymus, prostate, testis, ovary, small intestine, colon, peripheral blood leukocytes and human bladder (Figure 2) . Hybridization of the 1.5 kb cDNA with a multiple tissue Northern blot con®rmed the ubiquitous expression of TERE1. There appears to be two dierent sized transcripts (approximately at 1.5 and 3 kb) in each of eight normal human dierent tissues (Figure 3 ). This may represent alternative splicing or a homologous gene product. There also appears to be dierences in the level of expression or alternative splicing of the two transcripts between RNAs of dierent tissue origin. The levels of expression of the two transcripts were Figure 1 The primary transcript and amino acid sequence of the TERE1 gene Figure 2 The expression of G3PDH and the two dierent sets of primers for TERE1 in four normal human tissues. Each PCR product was run on a 1.5% TBE agarose gel and stained with ethidium bromide. Lanes 1 and 15, 100 bp marker; lanes 2 ± 4, peripheral blood leukocytes; lanes 5 ± 7, small intestine; lanes 8 ± 10, colon; lanes 11 ± 13, bladder and lane 14, blank. Lanes 2, 5, 8 and 11, G3PDH; Lanes 3, 6, 9 and 12, primer set two for the TERE1 gene. Lanes 4, 7, 10 and 13, primer set one for the TERE1 gene quanti®ed on a Phosphorimager (Molecular Dynamics) and the ratio of transcripts was approximately 1 : 1 except in the testes where the 1.5 kb transcript was expressed at a ratio of 2 : 1 as compared to the 3 kb transcript. The 1.5 kb transcript observed in the Northern blot indicates that the TERE1 clone is the full-length gene. The pattern of expression in normal urothelium and dierent stages of TCC was very distinct. All normal urothelium specimens (n=8) or short-term normal urothelial cell cultures expressed the TERE1 transcript. The TERE1 transcript was also present in 19/22 super®cial tumors. All 13 Ta lesions (lesions with mucosal involvement only) expressed TERE1, while only six out of nine T1 lesions (lamina propria invasion) had the TERE1 mRNA. Steady state expression was signi®cantly diminished by 75% in pT2 or higher lesions (muscle invasive) with the signal identi®ed in only seven of 29 invasive TCC tumors. The results using this initial tissue panel suggest that the loss of TERE1 expression may serve as a marker or play a role in the progression of TCC (Figure 4 and Table 1 ). In order to test the integrity of the RNA, expression of the TERE1 gene was compared to both the L7 ribosomal associated genes ( Figure 4a ) and GADD45 is a p53-inducible, DNA repair gene that is expressed in normal bladder, bladder tumor cell lines as well as super®cial and invasive bladder tumors (data not shown).
Additionally, the T24 TCC cell line was found to lack to TERE1 transcript using two dierent sets of TERE1 speci®c primers. A doublet PCR product was noted when the cDNA from the RT4 cell line (originally isolated from a super®cial TCC) was ampli®ed with the second set of primers. Both PCR products were sequenced and one was found to contain an insertion of a cytosine at 741 bp, which would result in a frame-shift. Therefore it appears both mutated and normal transcripts are expressed in this cell line. However, using three dierent pairs of primers to cover the TERE1 gene and PCR/SSCP, we could not detect any mutations in the two TERE exons in 30 patients with invasive TCC.
We transfected a mammalian expression vector with or without the TERE1 open reading frame into two human TCC cell lines. We found that there was no increase in cell death as measured by the trypan blue exclusion test in either TCC transfected cell line compared to insert-less vector transfected tumor cells. However, transfection of a sense TERE1 construct resulted in an 80 ± 90% inhibition of cellular proliferation in the J82 and 1376 TCC cell lines ( Figure 5 ). In addition, there seemed to have been a change in morphology in the 1376 cells with an apparent increase in intercellular contacts (data not shown).
We also constructed a retrovirus containing the TERE1 ORF and used it to transduce the J82 cell line. We con®rmed the presence of the TERE1 containing retrovirus in the genomic DNA of hygromycin selected J82 cells by PCR (data not shown). DNA content was quantitated in transduced J82 cells by propidium iodide staining and analysed in a¯uorescence-activated cell sorter. We found that J82 cells (transduced with a blank retrovirus) consisted of a diploid and two aneuploid populations compared to J82-TERE1 selected cells, which contained only a diploid population.
There was a decrease in the percentage of diploid cells in S phase from 41 ± 9.7%, an increase of diploid cells in G1 from 51.2 ± 71.9%, and an increase of diploid cells G2/M from 7.8 ± 18.4% ( Figure 6 ). Immunohistochemistry was performed for TERE-1 using an anity puri®ed polyclonal antibody and standard avidin-biotin complex labeling techniques (Figure 7a ± d). There was moderately strong cytoplasmic and nuclear staining in normal urothelium ( Figure  7a ). Super®cial noninvasive papillary urothelial carcinoma and¯at urothelial dysplasia showed strong staining which was dominantly nuclear with a lesser amount of cytoplasmic staining (Figure 7b,c) . Muscle invasive urothelial carcinoma had nuclear and cytoplasmic staining that ranged from absent to strong. Bladder smooth muscle was strongly positive ( Figure  7d ). The nuclear localization of TERE1 in urothelium and TCC as well as the decreased expression in higher stage disease seems to support a role for this gene in growth regulation of urothelial tissue. We have examined thus far 23 TCC (13 muscle invasive lesions and 10 super®cial tumors) by Western blot (Figure 7e ). There was a signi®cant decrease in the TERE1 protein in both super®cial and muscle invasive lesions (mean decrease in super®cial TCC of 37%, P50.0001; mean decrease in muscle invasive TCC of 52%, P50.00001) compared to normal human urothelium.
Discussion
We have cloned a new gene, TERE1, which has been localized by FISH analysis to chromosome 1p36.3. This chromosome location has been identi®ed by loss of heterozygosity studies as a site of a putative tumor suppressor gene or genes for breast carcinoma, colon carcinoma, neuroblastoma, non small cell lung carcinoma, melanoma, hepatocellular carcinoma, prostate, pancreatic endocrine tumors and Wilms' tumors (Nagai et al., 1995; Praml et al., 1995; Bieche et al., 1998; Martinsson et al., 1997; Ebrahimi et al., 1999; Gasparian et al., 1998; Chen et al., 1996; Boni et al., 1998; Williamson et al., 1997; Steenman et al., 1997; Sattler et al., 1999) . However, we have not been unable to detect a mutation in the two TERE1 exons in 30 TCCs/matched normal PBLs except in the RT4 bladder tumor cell line. These data seems to be in agreement with a previous study that indicates LOH of 1p36 locus occurs rarely in bladder carcinoma . We also found no TERE1 mutation in a preliminary survey of 10 Wilms' tumor/ matched normal PBLs (data not shown). This would seem to indicate that the TERE1 gene may not be a target of mutation in the numerous tumor types that have 1p36 deletions. However, we observed an aberrant size 1.5 kb transcript in a Northern blot of mRNA from seven human tumor cell lines (HL-60 promyelocytic leukemia; HeLaS3 cervical carcinoma; K-562 chronic myelogenous leukemia; MOLT-4 lym- Figure 5 The eect of exogenous TERE1 on the growth of 1376 and J82 TCC cells. The cells were plated at 50 000 cells/ml and transfected with pTARGET (solid diamond or triangle) or pTARGET-TERE1 (open diamond or triangle). Cell viability was assessed using the trypan blue exclusion test. All experiments were performed in triplicate phoblastic leukemia; SW480 colorectal adenocarcinoma; A549 lung carcinoma; and G-361 cells melanoma cells) (Clontech) (data not shown). This may be indicative of an aberrant alternative splicing event in these tumor cell lines. Further work will have to be performed to determine if an aberrant splicing of the TERE1 gene occurs in tumor cell lines or in tumors.
On the other hand, we have found that there was a signi®cant steady state decrease in expression of the TERE1 gene in invasive TCC, which seems to correlate well with a decrease in the expression of the TERE1 protein. In addition, we found that after transfection of the open reading frame of TERE1 into two dierent bladder carcinoma cell lines that there was a signi®cant decrease in anchorage dependent proliferation. It appears, therefore, that TERE1 may be a class II tumor suppressor gene, which while functionally intact, is expressed at an abnormally low level in malignant cells (DiSepio et al., 1998) . While the mechanism of apparent reduced expression of the a b Figure 6 DNA content was quantitated by propidium iodide staining of ®xed hygromycin selected J82 TCC cells that were transduced with a blank (a) or TERE1 ORF containing retrovirus (b). J82 cells were examined only after selection for over a month TERE1 transcript is unknown, we are presently examining the methylation status of the 5' region and 3' of exon 1 of the TERE1 gene. The 5' region of exon 1 of the TERE1 gene is GC rich (76%). One study has shown that the occupation of a CpG island in a promoter by a transcription initiation complex may make the promoter more resistant to de novo methylation than an unprotected transcribed region. In TCC, exon 5 of the PAX gene and exon 2 of the p16
INKa gene were methylated in a series of bladder carcinomas (Salem et al., 2000) . Further work will be needed to determine if this mechanism accounts for the decreased expression of TERE1 that we observe in invasive bladder tumors. TCCs (SUP1 ± 4, lanes 2 ± 5) and four invasive TCCs (INV1 ± 4, lanes 6 ± 9) was extracted in RPI buer, separated on a SDSpolyacrylamide gel and the separated proteins transferred to a nitrocellulose membrane. The membrane was probed with TERE1 speci®c polyclonal antibody raised in rabbits against a TERE1 speci®c peptide (CPEQDRLPQRSWRQK-COOH) (Zymed Laboratories), incubated with a perioxidase conjugated secondary antibody for rabbit Ig and the TERE1 protein detected using ECL detection system There appears to be two dierent sized transcripts (approximately at 1.5 and 3 kb) in a multiple tissue Northern blot. We attempted to de®ne the 3 kb sequence by a 5' RACE reaction, but we found no TERE1 speci®c transcript (Clontech Inc). We are presently examining the 3' end of the TERE1 gene, in that recently isolated ESTs seem to indicate that there may be alternative poly A tailing to account for the larger TERE1 transcript. However, there still is no indication of a change in the size of the TERE1 protein.
We have not found any sequence or homologies by BLAST between TERE1 and the full-length sequence of C. elegans and Drosophila. However we have found 90% sequence homology to two mouse ESTs (Clone p3NMF19, Accession number: AA087043; Clone NbME13.5, Accession number: AA000881). We also found using mouse TERE speci®c primers in the adult mouse, that murine TERE1 is ubiquitously expressed (data not shown). However, the TERE1 protein has 57% identity (69% positivity) to a Drosophila protein called heix (Accession number: AAF53515). Though, there is no reported data on the function of heix, there are ®ve recorded mutant heix alleles. The heix mutations aect the imaginal disc and the wing vein as well as being recessive lethal and recessive visible (Ashburner et al., 1999) . There is one report on the development in a heix mutant of melanotic`tumors' (Hong and Rubin, 1998) . These data seem to suggest that TERE1 and/or heix has an important role in development and in tumorigenesis.
We found that using a TERE1 speci®c polyclonal antibody and Western blotting, there was a signi®cant decrease in the TERE1 protein in invasive TCCs. The decrease in TERE1 protein in invasive TCCs was also observed in a limited set of invasive TCCs by IHC, however we found that there appeared to be nuclear staining with the TERE1 speci®c antibody. There appears to be no consensus nuclear localization signal present in the putative TERE1 protein so the localization of the TERE1 protein by the anitypuri®ed polyclonal antibody is a surprise (Boulikas et al., 1993) . One possible explanation for the nuclear localization of TERE1 is that TERE1 interacting proteins may modify the localization in bladder tissue. For a time controversy existed about the subcellular localization of the BRCA1 protein, however the current evidence now supports a nuclear localization for the BRCA1 protein with several BRCA1-interacting proteins localized to the nucleus (for review see Monteiro and Birge, 2000) . In addition, while b-catenin plays an essential role in cell adhesion, it also acts as a signaling protein with localization to cell to cell junctions as well as to the nucleus. Cotransfection and coexpression of GFP-b-catenin and GFP-b-catenin interacting proteins has shown that b-catenin interacting proteins can regulate the localization and the signaling of b-catenin (Giannini et al., 2000) . Therefore, a clear understanding of the localization of TERE1 may require the eventual co-expression of TERE1 with TERE1 interacting proteins.
We found that the transfection or the transduction of the TERE1 ORF into TCC cells can decrease cellular proliferation as measured by hemacytometer and DNA histogram analysis, but perhaps the most interesting data was that the transduction of the TERE1 ORF into the J82 TCC seems to have produced a solely diploid cell line. However this diploid J82 cell line was only examined after long-term selection, and the mechanism of action for an apparent increase in genome stability in this cell line is unknown. The p53, GADD45 proteins and poly (ADP-ribose) polymerase have been linked to controlling genomic stability (Fukasawa et al., 1997; Hollander et al., 1999; Simbulan-Rosenthal et al., 1999) . Previously, we have shown that the J82 cell line contains a p53 mutation. We are in the process of examining the eect of short-term overexpression of TERE1 in TCC cell lines to further examine the role of TERE1 in cellular proliferation and genomic stability.
In summary, we have cloned a novel gene, TERE1 that maps to human chromosome 1p36. While, we have not found any TERE1 mutations, there was a good correlation between decreased steady state transcript, protein levels and the invasive phenotype. In addition, the introduction of TERE1 into bladder tumor cell lines decreased proliferation and restored genomic stability. While, our data indicates a role for the TERE1 gene in the progression of TCC to the invasive phenotype, further studies will be necessary to elucidate the function of the TERE1 protein to help determine a role for the TERE1 gene in human cancer.
Materials and methods

Tissue culture
All cell lines were obtained from the American Type Culture Collection (Manassas, VA, USA) and grown according to supplier's instructions.
Isolation of total RNA from tumor cells or tumor tissue
Fresh tissue from a total of 19 super®cial (11 Ta, ®ve T1 and three Super®cial) and 22 invasive (four T2, 10 T3 and ®ve T4 and two Invasive) TCC tumors were obtained from our institution and¯ash frozen in liquid nitrogen. Normal human bladder mucosa was obtained from a healthy 33-year-old male at time of autopsy. Total RNA was extracted from tissue culture grown tumor cells or from frozen tissue by the single-step method of Chomczynski and Sacchi (1987) or the modi®ed single-step method using Tri-reagent (Chomczynski, 1993) . Total RNA was isolated from microdissected TCC samples with no more than 20% normal tissue. Brie¯y, a denaturing solution (4 M guanidinium thiocyanate, 2.5 mM sodium citrate, pH 7.0, 0.5% sarcosyl and 0.1 M b-mercaptoethanol) was added directly to¯asks of growing cells or to pulverized frozen tissue. The frozen tissue was then homogenized and the cells or the tissue added to RNase-free eppendorf tubes. Sodium acetate (2 M, pH 4.0), buered phenol, and chloroform/isoamyl alcohol were then added to the cells or tissue. The mixture was shaken and placed on ice for 10 min. The tube was centrifuged at 48C at 12 000 r.p.m., and the aqueous phase, containing the RNA was transferred to a fresh tube and mixed with 0.6 volume of isopropanol.
Reverse transcription-polymerase chain reaction
A master mix for reverse transcription was prepared containing MgCl 2 (a ®nal concentration of 5 mM), 106PCR buer (50 mM KCl and 10 mM Tris-HCl, pH 8.3), dNTPs (1 mM of each dNTP), RNase inhibitor (1 unit/ml), DEPC-treated water, and MuLV reverse transcriptase (2.5 units/ml) (Perkin-Elmer, Norwalk, CT, USA). Oligo d(T) 16 (2.5 mM) was added along with less than 1 mg of total RNA. The 20 ml mixture was incubated at room temperature for 10 min and then at 428C for 1 h. The reaction was heated at 958C to destroy reverse transcriptase activity and then cooled to 48C.
For each sample, a PCR master mix of 40 ml was prepared, containing 25 mM MgCl 2 , 106PCR buer (500 mM KCl, 100 mM Tris-HCl, pH 8.3), 0.5 ml of AmpliTaq DNA polymerase. One 0.15 mM of each primer pair, 0 ± 10 ml of the cDNA and water was added to the master mix, and 30 cycles of PCR performed with a ®nal extension step of 728C for 10 min. The annealing temperature was dependent on the melting temperatures of each primer pair. The PCR products were run on a 1.2% agarose gel. PCR products were excised from the gel and puri®ed away from the agarose using the Qiaquick gel extraction kit following the protocol from the manufacturer (Qiagen Inc., Valencia, CA, USA).
Each cDNA was used as a PCR template using either set of TERE1 primers (TERE1-1F forward primer, 5'-ATTCTGCTGGCTGTCCTG-3' and TERE1-1R, reverse primer, 5'-ATGTAGTATTTGGT TCCTG GTG-3', TERE1-2F forward primer, 5'-TTCCTCTACACG-TTGGGCTGCGTCTG-3' and TERE1-2R reverse primer, 5'-CAGGTAGGGCAGGAAGAGCAG TGTGTTG-3') or set of control primers for the DNA repair gene, GADD45 (forward primer, 5'-ACCAAACTGATGAGTC CTTGCTGTC-3' and reverse primer, 5'-CAGCCAAAGGT-CACAGAAGTAATTTC-3').
Multiple tissue cDNA (MTC) PCR
Human multiple tissue cDNA (MTC) panels I and II (Clontech Inc., Palo Alto, CA, USA) were obtained containing cDNA from normal human heart, brain, placenta, lung, liver, skeletal muscle, kidney and pancreas as well as spleen, thymus, prostate, testis, ovary, small intestine, colon and peripheral blood leukocytes. MarathonReady cDNA from human bladder was obtained (Clontech). Each cDNA was used as a PCR template using either set of TERE1 primers or a set of control G3PDH primers, forward primer, 5'-TGAAGGTCGGAGTCAACG-GATTTGGT-3' and the reverse primer, 5'-CATGTGGGC-CATGAGGTCCACCAC-3' (Clontech). For each sample, a master mix of 43 ml was prepared, containing PCR-grade deionized water, 106PCR buer (500 mM KCl, 100 mM Tris-HCl, pH 8.3, MgCl 2 ), 1 ml of 506dNTP mix (10 mM each) and 1 ml of Advantage c DNA polymerase mix. One 0.15 mM of each primer pair and 5 ml of the cDNA was added to the master mix, and 30 cycles of PCR performed with a ®nal extension step of 728C for 10 min. The annealing temperature was dependent on the melting temperatures of each primer pair. The PCR products were run on a 1.2% agarose gel.
cDNA library screening
We screened by PCR using the second set of primers an initial 96-well plate which consists of approximately 500 000 spleen cDNA clones in a pCMV6-XL3 vector (Rapid-Screen, OriGene Technologies, Rockville, MD, USA) and found four positive wells. We then screened by PCR one of the subplates which contains approximately 50 clones in E coli per well and found one positive clone. The contents of this well were spread onto a LB-ampicillin agarose plate for PCR screening of individual clones and an individual clone was isolated.
Plasmid isolation
The plasmids containing the TERE1 insert were isolated by the alkaline lysis method and further puri®ed through a Qiagen column. The insert was cut out of the vector using the SFI1 and NotI restriction enzymes (New England BioLabs, Beverly, MA, USA).
Sequencing
Sequencing was performed by the Sequencing facility at the Cancer Center at the University of Pennsylvania using an ABI377 automated DNA sequencer.
Northern blot
xThe full-length insert was cut out the plasmid using the restriction enzymes, SFI1 and Not1 (New England BioLabs) and gel puri®ed (Qiagen). The insert was labeled using a random primer kit (Stratagene Inc., La Jolla, CA, USA) and [a-32 P]dCTP (3000 Ci/mmole). A human multiple tissue Northern (MTN) blot IV (Clontech) containing normal spleen, thymus, prostate, testis, uterus, small intestine, colon, peripheral blood leukocyte poly (A) + RNA was prehybidized using ExpressHyb solution (Clontech Inc., Palo Alto, CA, USA) at 688C for 30 min, the labeled insert denatured and then added to fresh ExpressHyb. The labeled insert was incubated with the MTN blot for 1 h at 688C, the blot rinsed for 30 min in 26SSC, 0.1% SDS and rinsed again for 30 min at 508C in 0.16SSC, 0.1% SDS. The blot was then exposed to X-ray ®lm for 24 ± 72 h. A b-actin control probe was used as a positive control with an expected signal generated at 2 kb.
Mutational analysis by PCR/SSCP of the TERE1 gene
Fresh tissue was obtained from the Departments of Pathology and Urology at the University of Pennsylvania. Genomic DNA was extracted from fresh tissue and established cell lines. Brie¯y, whole tissue was frozen in liquid nitrogen and crushed to a ®ne powder with a mortar and pestle. Cells were trypsinized and pelleted by centrifugation. Digestion buer (100 mM NaCl, 10 mM Tris-HCl, 25 mM EDTA, pH 8.0, 0.5% SDS and 0.1 mg/ml of proteinase K) was added to the tissue sample or cell pellet and incubated for 12 ± 18 h at 508C. Each sample was extracted in phenol/ chloroform/ isoamyl alcohol and the genomic DNA precipitated in 7.5 M ammonium acetate (33% volume) and 100% ethanol (2.56volume) (Hayashi, 1990) .
DNA pellets are rinsed with 70% ethanol and air-dried. Each DNA sample was resuspended in TE buer and the purity of and concentration of DNA measured on a spectrophotometer.
The primers used to amplify the ®rst two-thirds of exon 1 of the TERE1 gene are as follows: upstream primer, 5'-TGTAAGACCCACTTGCTGTTGCC-3' and downstream primer, 5'-CGGTCCACAAGTGTCCTGTCAT-3' (149 ± 690 bp) and digested overnight in HhaI restriction enzyme. The primers used to amplify the last one third of exon 1 of the TERE1 gene are as follows: upstream primer, 5'-CAGTGCCCTTGCCTACAGATC-3' (523 ± 543 bp) and downstream primer, 5'-CCTGTGTAGAGAAAGGAGC-CAG-3' (523 bp to within the TERE1 intron). The primers used to amplify exon 2 of the TERE1 gene are as follows: upstream primer, 5'-GATTCAAGTACGTGGCTCTGG-GAG-3' and downstream primer, 5'-ATAAGGCAG-GAGTTCCCACCC-3' (855 ± 1461 bp) and digested overnight in EarI restriction enzyme.
PCR/SSCP was performed as follows (Hayashi, 1991; Sameshima et al., 1992) . PCR was performed for 30 ampli®cation cycles (the annealing temperature was calculated from the melting temperature of each set of primers) with [a 32 P]dCTP (3000 Ci/mmol) followed by a 10 min extension at 728C. PCR products were diluted 10-fold with a solution containing 95% formamide, 20 mM EDTA and 0.05% bromophenol blue. Five ml of diluted sample was heated at 808C for 2 min and electrophoresed on a 6, 8 or 10% nondenaturing polyacrylamide gel, with or without 5 ± 10% glycerol. The electrophoresis was performed with 30 W for 2 ± 12 h. Gels were exposed to Kodak X-OMAT AR Xray ®lm (Sigma) for a minimum of 24 h. PCR/SSCP was performed on each sample at least in triplicate.
Transfection assays
A portion of the TERE1 gene that contains the open reading frame was ampli®ed using primers (upstream primer, 5'-GAGTTTACTTCAACCACG-3' and downstream primer, 5'-GTGTAAGACCCACTTGCTGTTG-3') and the gel puri®ed PCR product was cloned into the mammalian expression vector, pTARGET vector (Promega). For transfections, four human dierent cell lines (J82, T24 and 1376 TCC and 293 embryonic kidney cell lines) were plated at 50 000 cells/ml into a 24-well plate in complete media with fetal calf serum and allowed to adhere overnight. Transfections using up to 1 mg of pTARGET-TERE1 or reporter (lacZ gene in a pTARGET plasmid without the insert) were carried out using TfX-20 reagent (Promega). The cell lines were incubated with the TfX-20 reagent+pTARGET for 1 h in serum-free media followed by the addition of complete media including fetal calf serum. Cells were re-fed after 48 h in complete media plus G148 (Gibco ± BRL). Anchorage-dependent growth and morphology was monitored over 14 days after recovery of selected pooled clones. Cell death was assessed by the Trypan-blue exclusion test.
The 1186 bp fragment of the hTERE1 cDNA (containing the complete open reading frame of hTERE1) was subcloned into the pcDNA3.1/His C vector (Invitrogen) using EcoRT and NotI cutting sites. Transfection of the pcDNA3.1-TERE1 into three bladder cell lines, T24, HT1376 and J82) was performed using the Tfx-20 reagent (Promega) and clones which stably express TERE1, were selected based on resistance to the antibiotic G418.
Transduction assays
A 1107 bp fragment of the hTERE1 cDNA (containing the complete open reading frame of hTERE1) was ampli®ed by PCR using the primers TERHindIII (5'-CGGAAGCTTCTTCCATGGCGGCCTCTCAG-3') and TERClaI (5'-TTGATCGATGGCAAATCACATTCCTTC-CTCAG-3'). The puri®ed PCR product was digested with HindIII and ClaI restriction enzymes (New England BioLabs) and inserted into the HindIII and ClaI digested pRevTRE plasmid (Clontech). The resulting construct pRevTRE-TERE1 was transfected into PT67 packaging cells and selected with the antibiotic, hygromycin. The pREVTre vector contains a neomycin selection gene as well as a packaging signal (C+) and transfected into a packaging cell line. The PT67 packaging cell line contains other the genes necessary to produce virus particles. The resulting retrovirus can infect various target cell lines and transmit the TERE1 gene but are replication-incompetent. The supernatant from selected pRevTRE-TERE1 PT67 cells were used to infect the J82 cell line.
Flow cyometric DNA analysis
Transduced J82 cells (with and without the TERE1 ORF insert) were examined for DNA content using propidium iodide staining (for review see Vindelùv and Christensen, 1990) .
Western blotting
Total protein from infected tumor cells, normal human bladder mucosa, super®cial TCC and invasive TCC was extracted in RPI buer (PBS, 1% NP40, 0.5% sodium deoxycholate, 0.1% SDS plus proteinase inhibitors (10 mg/ml PMSF, 30 ml/ml aprotinin and 100 mM sodium orthovanadate). Protein concentrations were determined based on the Bradford method using BSA as the standard (BioRad Laboratories). Twenty mg of total protein was separated on a SDS-polyacrylamide gel and the separated proteins transferred to a nitrocellulose membranes. The membrane was blocked in PBS containing 5% dried milk and 0.1% Tween 20 and then probed for 1 h with TERE1 speci®c anity puri®ed polyclonal antibody raised in rabbits against a TERE1 speci®c peptide (CPEQDRLPQRSWRQK-COOH) (Zymed Laboratories, S. San Francisco, CA, USA). After washing, the membrane was incubated with a perioxidase conjugated secondary antibody for rabbit Ig raised in donkey (Amersham Pharmacia Biotech, Piscataway, NJ, USA) for 1 h and the TERE1 protein detected using ECL detection system (Amersham Pharmacia Biotech). Image analysis and quanti®cation was performed using a scanning densitometer.
Immunohistochemistry
Five-micron sections from formalin-®xed paran-embedded tissue specimens were deparanized in xylene and rehydrated in graded alcohol with quenching of endogenous peroxidase activity by treatment with 2% H 2 O 2 in methanol. The slides were blocked in 10% normal rabbit serum and incubated with anity-puri®ed anti-TERE1 (2 mg/ml) for 14 h at 48C. After washes, the slides were incubated with biotinconjugated rabbit IgG for 30 min followed by streptavidinconjugated peroxidase and 3'3-diaminobenzidine, and counter-stained with hematoxylin. In control experiments, the primary antibody was substituted with normal rabbit serum.
Abbreviations TCC, Transitional Cell Carcinoma of the Bladder; RT ± PCR, reverse transcriptase-polymerase chain reaction; TERE1, transitional epithelial response gene 1; EST, expressed sequence tag
